New indicators are needed to provide information on access to and consumption of adequate nutritious food. These indicators would fill a basic information gap necessary to understand the causes of malnutrition, and to inform policy options to support food security and nutrition. Indicators on access to adequate nutritious food, and dietary quality, are still missing.
Introduction
Access to adequate food for all is a globally held vision. It is a goal of the United Nations Zero Hunger Challenge, endorsed last year by the UN Secretary General, which includes as one of five goals: "100% access to adequate food all year round". In some form, a food security goal will certainly be part of the post-2015 Sustainable Development Goals as well. These sets of goals succeed the Millennium Development Goals (MDGs), which spanned the period from 1990-2015. In defining top priorities and targets, the MDGs have shaped the direction of development efforts among governments, donors, and non-profit organizations, and created accountability toward the goals. "Access to adequate food" seems like an obvious, desirable, and foundationally important goal to equity, well-being, and human development. But what, exactly, is access to adequate food? And what is the agriculture and food sector -which is by far the largest contributing sector to foodsupposed to do about it? How is "access to adequate food" defined and measured, so as to enable accountability toward that goal? A precedent was set in the MDGs, in which the only food target is halving the proportion of people unable to access adequate calories. The precedent for that particular target and indicator goes back at least 50 years. As the post-2015 development agenda is being debated, it is timely to revisit whether that target guides development efforts in a direction appropriate for addressing food problems in the world today.
The origins of current indicators: half a century ago
In the 1960s-70s, it was clear what was meant by "adequate food," and it was equally clear what agriculture was supposed to do about it. There were famines and fears of mass food shortages, amidst alarm about population growth. The Green Revolution raised yields of major cereals dramatically; the CGIAR system formed in 1971, first with the International Rice Research Institute (IRRI) and the International Center for Improvement of Maize and Wheat (CIMMYT), with the aim to improve productivity of the major staple grains. The concept of "food security" first arose in 1974, defined as "availability at all times of adequate world food supplies." (UN 1975) At the same time, nutritional concerns were being recognized to contribute to poor national development in addition to human development (Berg 1967 , Berg 1973 . These concerns led to growing global interest in nutrition. 1 The main nutrition problems were considered to be deficiencies of calories and proteins; and with this focus, agriculture's key role was thus to provide adequate and equitable access to calories among the poor. 2 Interestingly, part of the reason for this focus may have been linked to the data that were available to understand the malnutrition problem. Data on actual malnutrition prevalence were remarkably scarce. Estimates were made based on national per capita food supplies, in the absence of virtually any nationally representative surveys of child anthropometry or micronutrient status. 3 Therefore, increasing food supply would necessarily bring down estimated rates of malnutrition.
Data on prevalence and causes of malnutrition have evolved
In the 1980s-90s, malnutrition rates started to be measured directly at national scale. Data on child and adult anthropometry are collected regularly in nearly all countries since the mid-1990s National survey data are compiled in annual United Nations agency reports, which are important sources of information on the prevalence and causes of malnutrition globally and by country.
deficiency of vitamins and minerals may cause serious health problems, especially among children, the therapy is now well known and relatively easy to apply so that the magnitude of this problem is almost negligible in relation to the one created by lack of calories and proteins." (Chafkin et al. 1972) 3 FAO SOFA 1975, p75 : "Most of the present knowledge of nutritional problems has had to be derived from national average figures of per caput food supplies, because of the inadequate number of reliable household consumption, budgetary and clinical surveys. While still far from adequate, the limited available information is, however, sufficient to demonstrate some of the broad features of the nutritional situation, the awesome magnitude of the problem, and the urgent need for action." SCN 1987 First Report on the World Nutrition Situation: "These analyses must be regarded as of a tentative nature because of the scarcity of data on child anthropometry which would provide the basis for a robust assessment of trends."
National and global reports provide the basis for surveillance, for tracking progress toward goals, for cross-country comparisons and analyses, and for informing policy to support public wellbeing. They also provide the basis for advocacy and problem-framing: "In addition to identifying the problems and measuring the number of people affected, information from [food security and nutrition monitoring] is also used for sensitizing the public and the decision makers in the government and donor community." (Babu and Pinstrup-Andersen 1994 5 These continue to be published yearly in FAO's State of Food Insecurity in the World reports. According to the FAO, "Undernourishment refers to the condition of people whose dietary energy consumption is continuously below a minimum dietary energy requirement for maintaining a healthy life and carrying out a light physical activity" (FAOSTAT). By using data on income inequality, the undernourishment indicator added an element of "access" to the construct which had previously only been about national-level supply. 6 For example, indictors on infant feeding shifted to exclusive breastfeeding, and timely introduction of complementary foods; the exact indicators have sharpened over time. (1987, 1992) only for the purpose of estimating the prevalence of iron and vitamin A deficiencies, since no biochemical data were available.
The concept of food security has evolved
The concept of food security was new in 1974, where at the World Food Summit it was defined as "availability at all times of adequate world food supplies." (UN 1975) In the twenty years that followed, the concept of food security evolved and, in reality, diversified (Pinstrup-Andersen and Herforth 2008), as some stakeholders continued to place primary importance on world food supplies even as new theory and analyses showed that world or even national supplies were not sufficient for the poor to obtain adequate food (Sen 1982 , Pinstrup-Andersen 1984 . The current agreed definition of food security emerged from the 1996 World Food Summit, as "physical and 7 Notes: UNICEF SOWC in the 1980s also had indicators of "Index of food production per capita" UNICEF SOWC 1998, % consuming iodized salt appeared FAO SOFI 2013 also includes in the suite of indicators: "% protein from animal origin" and "average value of food production" but what these are supposed to indicate regarding food security is not explained in the report.
economic access to sufficient, safe, nutritious food to meet dietary needs and food preferences for a healthy and active life." (FAO 1996) While in the 70s, the major concern was world food supplies, the concern now is access to food -and not just sufficient calories, but safe and nutritious food for a healthy and active life. The definition also clarifies that income is not enough to guarantee access to adequate food year round; inadequate availability and physical access (such as proximity or ease of obtaining food) can be barriers as well.
Why haven't food indicators evolved?
When world leaders agreed to a new food security definition nearly 20 years ago, no clear indicators or targets accompanied it. Ensuring commitment to "nutritious food to meet dietary needs" would seem to be a major nutrition issue, but advocacy around it was limited. The attention of nutrition community was away from food at the time, strongly focused on other causes of malnutrition that were seen as more limiting, and interventions that were seen as more cost-effective.
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The first UNICEF SOWC report, 1980, emphasized: "The major lesson of the last 20 years is that reductions in malnutrition cannot be achieved only by increases in food production." (Grant 1981) . 9 In the 1970s, a lot of effort had been put into multisectoral nutrition planning, including a focus on agriculture to increase food access among the poor and nutritionally vulnerable, with the main focus on calories and protein. Political commitment to nutrition beyond basic food increases did not materialize, however. The field of nutrition moved away from multisectoral planning, and attention went elsewhere during a period sometimes referred to as "nutrition isolationism" (Levinson and McLachlan 1999) , during which time the field of nutrition incubated its story, data, and priorities. Research focused on micronutrients, breastfeeding, community-based interventions to treat malnutrition, and on exposing the consequences of malnutrition. The capstone of this coalescing evidence base for nutrition resulted in the 2008
Lancet series on maternal and child undernutrition, which prioritized direct nutrition interventions that had been studied and honed over the previous 20-30 years, strongly supported by a clear storyline on the costly consequences of undernutrition. The prevalence, causes and consequences of poor diets were not part of the evidence base.
The nutrition community's distant relationship with food issues since the 1970s, though, is perhaps consistent with its earliest roots. Since vitamin deficiencies were discovered around the turn of the century, the main responses were nutrient and food supplementation, food fortification, and nutrition education. 10 Poor diet quality has been traditionally primarily treated as a personal affair: either medical (solved by supplementation -or now, bariatric surgery), or behavioral (solved by nutrition education), but rarely systemic (solved by food and economic policy). A case could be made that this tradition is rooted in gendered fields of study and influence: women studied nutrition within home economics, and could address dietary intakes via nutrition education; agricultural economics, which dealt with agricultural research and policy, was primarily the realm of men and did not often deal with nutrition directly. 11 If nutrition education efforts were the primary tool to improve dietary intake (i.e. attempts to change care practices), in conjunction with micronutrient supplements for missing nutrients, then these would be the main relevant factor to track. Indeed, the only dietary quality indicator currently available is for young children, and was created to reflect care practices (WHO 2008) . And increasingly, the evidence shows that the range of nutrition problems today has a great deal to do with food.
The nature of nutrition problems has changed
The prevalence of nutritional problems has shifted over time. The range of nutritional problems today is sometimes referred to as the "triple burden" of malnutrition (Gómez et al. 2013 ):
undernutrition (stunting affects 165 million children), micronutrient deficiencies (estimated to 11 It was in the 1970's when agricultural economists became involved (e.g. Pinstrup-Andersen 1977), as systemic issues became a focus in nutrition within multisectoral nutrition planning (Berg 1987 The coexistence of these nutrition problems is unquestionably related to poor diets and the types of food people can access. The main non-communicable diseases are attributable mainly to diet.
The Institute for Health Metrics and Evaluation reports that dietary risks are by far that top cause of disability-adjusted life years (DALYs) and years of life lost for all developing countries combined (IHME 2013) (Figure 2) . 13 Among the top contributors to dietary risks are low fruit and vegetables, high sodium, low nuts and seeds, low whole grains, low omega-3 fatty acids, low fiber, and high processed meat (IHME 2013). 
Inadequate access to nutritious food
The available data suggest that it in many countries is not possible for most of the population to access adequate nutritious food to meet dietary needs even if they could afford it. Figure 3 shows that based on food availability data from sub-Saharan Africa, starchy roots and cereals would be expected to dominate diets, as they do. Fruits, vegetables, and pulses are not available enough, let alone affordable enough, for all people to have nutritious diets. There are just 254g of fruits and vegetables available/capita/day -compared to 400g/day recommended by WHO and FAO (2003) . Only 35g of pulses are available/capita/day in sub-Saharan Africa, which is well below the amount that would be needed to meet protein needs in combination with starches. 14 These are precisely the food groups lacking in diets associated with greater years of life lost (IHME 2013).
Low availability of non-staples is reflected in high prices. In Bangladesh, consumption and expenditure surveys showed that staple foods made up over 80% of energy, with non-staple plants about 15% and animal-source foods <4%, but each of three food groups required approximately one-third of the household food budget (Bouis et al. 2011) . If dietary guidelines are believable as evidence-based standards of nutritious diets, and if food availability and price data are believable, then there is clear evidence of inadequate access to food.
14 In the absence of an amount specified by dietary guidelines, this is one way to estimate need, which may be appropriate since legumes are the primary protein source for the poorest. (Methodology found in Herforth 2010.) Their contribution to dietary quality goes beyond protein, however, due to their fiber and phytonutrient content. Several studies in high-income countries have shown greater consumption of legumes and nuts to be associated with a variety of improved health outcomes, including reduced all-cause mortality (Bao et al. 2013) . and therefore what the food system produces." 15 While demand undoubtedly influences production, there are other influences too: for example policies that provide incentives or 15 The same FAO report also states: "…governments, international organizations, the private sector and civil society can all help consumers make healthier decisions…by providing information and ensuring access to diverse and nutritious foods." Fruits and vegetables
Legumes and nuts
Starchy roots and cereals grams/capita/day available disincentives for certain kinds of production, production constraints or risk associated with producing certain crops or livestock, and barriers to entry from one kind of crop/livestock production to another.
It is also worth considering where the demand is coming from. Pinstrup-Andersen has observed that "In high-income and rapidly growing low-income countries, the agricultural sector has become or is rapidly becoming a supplier of raw materials for the food processing industry, rather than a provider of food for direct consumption." (Pinstrup-Andersen 2013). The food processing industry is both script-writer and translator between individual consumers and agricultural producers, and can shape what the food system produces through direct contracts with farmers, their own research and development, and political influence of agri-food policy.
Ultra-processed foods are increasingly available and marketed in low and middle-income countries (Monteiro et al. 2010) , demanding increased production of ingredients for these foods (primarily refined starches, oils, and sugars) at the same time as supply of nutritious minimallyprocessed foods is constrained.
Eating norms and habits can change over time, and are influenced by the kinds of food available, affordable, convenient and marketed. Much of the research documenting what is known as "the nutrition transition" documents a convergence of patterns in disparate places, consistent with availability, convenience, and marketing of less-healthy foods (Popkin 2004 , Popkin et al. 2005 , Sobal 1999 ). Research on dietary patterns of immigrants shows a robust trend of acculturation to the norms and types of food available in the new country (Satia-Abouta et al. 2002) . These studies of the nutrition transition and dietary acculturation of immigrants offer strong evidence that food environments shape personal choice.
If healthy diets are more expensive and less convenient than unhealthy diets, then diet quality is unlikely to be optimized through the traditional tools of the nutrition community (nutrition education) and agricultural economics (income generation) alone. It is improbable that nutrition education will cause people to spend their income counter to market signals. It is even more improbable if eating habits and food preferences have shifted toward unhealthy ultra-processed foods, and away from healthy food preferences present in many traditional diets.
Why is it important to monitor access to adequate nutritious food and dietary quality?
Because the food environment is created not only by consumer preferences, but by multiple supply-side and demand-side factors, there is a role for policy to influence those factors. Current food data are insufficient for informing actions to improve access to nutritious food, and to create incentives (and remove disincentives) for better nutrition. Three main reasons food data need to be expanded include:
Consistency with ideals
Simply put, the food indicators collected and reported today do not match the vision for food security of access to sufficient, safe, nutritious food to meet dietary needs…, set forth by the global community almost 20 years ago (FAO 1996) . Using food-based dietary guidelines as a basis, access to "nutritious food to meet dietary needs" should be tracked.
Ability to identify major causes of malnutrition
Indicators of access to and consumption of adequate nutritious food are basic data that are, to date, missing in the world's ability to identify causes of malnutrition. Great strides have been made in the monitoring of nutritional status, infant and young child care practices, and health risk factors; infectious disease prevalence is also well-monitored. These data enable analysis of the important causes of malnutrition in a given country or region, and appropriate policy options to address them. Current indicators of food, however, do not allow for understanding food causes of malnutrition beyond lack of calories. Access to calories is not closely correlated with undernutrition, 16 suggesting that either food access is irrelevant to nutrition (improbable), or the way it is measured needs improvement. In addition, dietary quality is the factor probably most synonymous with a layperson's or policy maker's concept of nutrition, but data to describe it are missing. At a time when the triple burden of malnutrition exists in all regions and income levels, and diet quality is a key factor underlying all of these forms of malnutrition, it is an almost unbelievable data gap that no globally-comparable indicators of dietary quality are collected.
Ability to track progress on nutrition-sensitive agriculture
Addressing nutrition through agriculture is now high on agendas, and substantial investments are 
Global monitoring of access to adequate nutritious food and diet quality
Tracking "access to adequate food all year round" is a deceptively simple idea. It is well Table 2 . -Sugar availability
Significantly associated with diabetes prevalence (Basu et al. 2013) -Availability of other food groups
Could be useful if recommended amounts were established
Local-level food environments -Cost of healthy diets
Important information but insufficient: would need disaggregation by food group to go beyond status quo policy conclusion (increase incomes and decrease price of food generally)
-Relative prices of different food groups
Could show which components of the food basket are causing healthy diets to be less affordable -In some locales: Community-level production diversity
May be useful where a majority of food is produced and consumed locally -In some locales: Indicators of obesogenic food environments (see Swinburn et al. 2013) May be useful where markets are easily accessible
Household-level food access -Food Insecurity Experience Scale (FIES)
An informative complement to dietary data; the experience of food insecurity can only be gained from household survey data (Ballard et al. 2013) Individual-level diet quality -Women's dietary diversity score (WDDS) -Proportion of ultra-processed foods in the diet (Monteiro) A lower proportion may be associated with improved dietary quality and reduced risk of chronic disease
National-level food availability
At national level, data are available that could be used in a more informative way to illustrate the general picture of food availability in a country. Ideally, national level data would be used to estimate the per capita supply of food groups, to understand whether it is theoretically possible for all people in a country to access adequate food as recommended in dietary guidelines. They could not explain the reasons for a supply gap or excess, but could show whether there is one.
For example, 400/grams/day per capita of fruits and vegetables are recommended as a minimum intake for healthy diets (WHO and FAO 2003) . Two recent analyses show that fruit and vegetable availability falls below dietary need in most countries in the world (Siegel et al. forthcoming, Keats and Wiggins 2014) . WHO also recommends limiting salt to less than 2g per day (WHO 2012) and has drafted a guideline to limit sugar consumption to 5% of dietary energy intake (WHO 2014). National-level sugar availability appears to be significantly associated with diabetes prevalence (Basu et al. 2013) . For other food groups, there is currently no international recommendation for amounts needed. FAO 2013) . The latter is difficult to interpret, since there is no defined optimal 17 Partly this is because the nutrients in various foods are substitutable between food types. The health benefits from plant foods such as fruits and vegetables, however, probably come primarily from their phytonutrient content rather than micronutrient content, which is why they are not substitutable. While there is no recommended amount of legumes and nuts, greater consumption of them is associated with reduced all-cause mortality in high-income countries (Bao et al. 2013) . There is no recommendation on an optimal amount of animal-source food consumption, which may depend on lifecycle stage, as well as the type of animal-source food (milk, meat, fish, etc.).
value, and it is not clear whether increases are positive or negative. 18 The former may reflect nutritious food access to some extent, because as the share of energy supply from starches goes down, the proportion of stunting also goes down (R 2 =0.46) (FAO 2013) . It is probably not a sufficient indicator, however, of access to adequate nutritious food for several reasons. First, it could indicate the likelihood of consuming diets excessive in animal-source food, sugar, and fat, because these are all also highly correlated with a lower proportion of energy supply in starches (FAO 2013) . Indeed, the indicator is not significantly correlated with obesity rates (Remans et al. 2013) . Second, appropriate policy responses would be difficult to define, since it does not indicate which parts of the diet are relatively more or less accessible.
National-level indicators of nutritious food availability are highly feasible to report, since FAO collects food availability data annually. Using FAO's food balance sheets, both the per capita supply and estimated prevalence of inadequate consumption (or overconsumption) of the various food groups could be calculated. Furthermore, the same technique used to calculate undernourishment could be adapted to calculate the prevalence of people not able to consume recommended amounts of various food groups. National food availability data cannot provide direct information on dietary quality (which requires survey data), but could provide useful information underlying the food access and dietary consumption patterns.
Local-level food environments
Of course, national-level data can mask significant regional and local differences. The local level is most significant for eating behaviors because it is where households interact with the market: it is where prices, convenience, advertising, and norms have the most influence on consumption behavior. Ideally, local or community-level data would be collected on availability, affordability, and convenience of various food groups or food types.
A promising type of indicator is of affordability of adequate nutritious diets.
Various tools have been developed that could measure cost of adequate nutritious diets, such as Save the Children's "Cost of Diet" tool which results in an indicator "percent of households who cannot afford a balanced diet" (Chastre et al. 2009 ). Recent research using a different methodology found that on average, based on all available studies globally, healthy diets cost an average of US$21/week more than unhealthy alternatives (Rao et al. 2013) . 19 Such data, though useful, would result in policy implications no different than the status quo: raise incomes, and lower overall food prices. In order to know which foods are out of reach, any data on the cost of a nutritious food basket should be able to be disaggregated into different food groups of public health significance (e.g. grains, fruits and vegetables, legumes and nuts, milk, other animalsource foods, ultra-processed foods).
Currently, local-level data on market prices are regularly compiled and reported only for staple grains (WFP VAM). The techniques used to gather and report these data might be possible to expand to other foods as well. Quality of existing market price data collected by ministries of agriculture is probably highly variable. Methods for aggregating data and coming to a price representing the whole food group need to be developed, possibly taking cues from the minimum food basket methodology.
Other community-level food environment indicators have been developed in high-income countries to reflect "obesogenic" food environments (Glanz 2009 , Swinburn et al. 2013 . These types of indicators may be increasingly relevant globally. In less urban, more agricultural locales, production diversity may be a useful local indicator: one study in Kenya showed that community-level production diversity was associated with greater household dietary diversity (Remans et al. 2011 ).
Household-level food access
Household survey data is needed for information on food consumption and the direct experience of food insecurity. A limitation of household surveys is that they are usually not done every year, so cannot be used for yearly monitoring or indices. Ideally, household-level data would be collected on experiential measures that ask household respondents directly about food insecurityrelated feelings or behaviors (such as, did anyone in the household go to bed hungry in the last month). Currently, such an experiential scale has been validated for all of Latin America (FAO 2012). The Food Insecurity Experience Scale, developed by the FAO Voices of the Hungry project, is based on the Latin American scale and earlier similar scales (Coates et al. 2006 , Radimer et al. 1990 , and is being piloted in Gallup World Poll in 2014 (Ballard et al. 2013 ). Botanical dietary variety (the number of plant foods consumed over a specified recall period)
could be explored as an indicator of present and future chronic disease risk. Another possible indicator, used in research in Brazil where diets are rapidly changing, is the proportion of ultraprocessed foods in the diet (Monteiro 2013) . The USDA monitors dietary quality in the U.S.
with an indicator, the Healthy Eating Index, which is designed to measure how well diets match the Dietary Guidelines for Americans, and measures both "adequacy" and "moderation" components (Kennedy 2008) . This sort of indicator could be adapted for global use.
Conclusion
Current global indicators, data, and targets are insufficient to monitor access to adequate food and dietary quality. This data gap results in an inability to analyze major causes of malnutrition, or to track progress related to nutrition-sensitive agriculture investments. Most importantly, it precludes accountability toward a goal of universally-agreed importance: that all people, at all times, have access to adequate sufficient, safe, and nutritious food for a healthy and active life (re-articulated in the UN Zero Hunger Challenge as "100% access to adequate food all year round").
What is monitored at global scale has consequences. The Millennium Development Goals have shown the importance of well-chosen indicators: "the MDGs have had enormous communicative power. Once the goals were defined and the targets set, they began to shape the way that development was understood" (Fukuda-Parr et al. 2013 ). In the post-2015 development agenda, the global community now has an opportunity to align indicators better with ideals for food access -especially since it is increasingly clear that poor diets are a major cause of all forms of malnutrition, and food access is a major contributor to poor diets.
Current global measurement of food access was made for a different world, 50 years ago. Then, the challenge was food shortage. Now, the major problem in most places in the world is nutritious food shortage (World Bank 2014). Given current food availability data, it is theoretically possible for everyone to consume enough, but it is impossible for everyone to consume nutritious diets. The needed data and indicators to reflect this new food challenge are not monitored yet; and some indicators probably need to be developed (see Table 2 ). This should not prevent the inclusion of indicators in global monitoring frameworks now. 21 One lesson from history is that the core data collected and published can change radically, resulting in a much better understanding of the problems that need to be tackled. Thirty years ago, the collection and reporting of data on anthropometry and infant feeding behaviors was a daunting challenge, but one that was overcome, with enormous impact regarding how the data have been used.
The challenge now is to update the way "food" is monitored globally. Given the current triple burden of malnutrition, data and indicators need to reflect access to nutritious food, along with dietary quality. It may take time to get the ideal indicators, but analogous to how indicators of 21 Reflecting on the inclusion criteria for MDG indicators, which specified that data should be presently available, one scholar has observed that "It may be the case that issue areas that have been underemphasized or marginalized may be precisely the ones for which data is lacking. To then use this lack of data to exclude these issues from the goal setting process is to compound the marginalization." (Fukuda-Parr et al. 2013) infant feeding evolved, there are feasible indicators available now (see Table 2 ). Indicators such as women's dietary diversity and the cost of a nutritious diet would already be informative, and can start to highlight the issue of nutritious food as worthy of global attention. Collecting and reporting better food indicators would give policy-makers the necessary information to weigh potential policy and program options, particularly in the agriculture and food sector. Indicators aligned with the vision of "adequate food for all" are vital to action and accountability toward that ideal.
